Invertebrate calmodulins of the sea anemone and scallop muscle were isolated and their prop erties were compared with those of vertebrate calmodulins from rabbit muscle and pig brain. The molecular weights estimated by SDS-polyacrylamide gel electrophoresis were similar to the molecular weight (16,500) of the vertebrate calmodulins.
Invertebrate calmodulins of the sea anemone and scallop muscle were isolated and their prop erties were compared with those of vertebrate calmodulins from rabbit muscle and pig brain. The molecular weights estimated by SDS-polyacrylamide gel electrophoresis were similar to the molecular weight (16,500) of the vertebrate calmodulins.
Every calmodulin contained 1mol each of trimethyllysine and histidine, and high contents of acidic amino acids. The marine invertebrate calmodulins contained only one tyrosine in contrast to two tyrosines in the vertebrate ones. As a result, the UV absorption spectra were clearly different. The Ca2+-induced difference UV absorption spectra of the invertebrate calmodulins were indis tinguishable from those of the vertebrate ones in spite of the difference in tyrosine contents. In tryptic peptide maps of invertebrate calmodulins, a few spots different from those of verte brate calmodulins were observed in the basic and acidic peptide regions.
The calmodulins of invertebrate muscles and that of rabbit skeletal muscle were almost indistinguishable in terms of the activation profile of rabbit skeletal myosin light chain kinase.
We have shown that the Ca2+-binding protein essential for myosin light chain kinase is identical with the Ca2+-dependent modulator protein (cal modulin) of the brain (1, 2) .
Calmodulin is found in many tissues or species (3) and it participates as a modulator of many Ca2+-dependent enzymes, including adenylate cyclase (4), membrane ATPases (5-7), phosphorylase kinase (8) and NAD kinase (9) as well as the cyclic nucleotide phospho diesterase (10, 11) and myosin light chain kinase (2, 12) . Calmodulin is now recognized as a common multifunctional modulator. Sea anemone muscle calmodulin was prepared from a batch of about 1kg of the fresh parietal muscle of 40 sea anemones (Metridium from the Sea of Okhotsk).
When the protein solution was viscous, separation was performed by centrifuga tion at 30,000rpm for 60min
Twenty-seven mg of pure calmodulin was obtained from 4.9 kg of the wet parietal muscle.
Calmodulin from rabbit skeletal muscle was purified according to method A in ref. 13 or by the method described above.
Rabbit skeletal myosin light chain kinase was prepared according to the method described previ ously (14) . Preparation of g2 light chain of rabbit skeletal myosin was performed according to the method of Perrie et al. (15) . Absorption spectra and absorption difference spectra were measured using a Shimadzu UV350 recording spectrophotometer.
Details were de scribed previously (13) .
Protein concentrations were determined by the biuret method (20 
RESULTS

AND DISCUSSION
The purification method consists of the four steps.
(1) Extraction of calmodulin at pH 5.7 and at low ionic strength, which is essential to exclude troponin C, a dominant Ca12+-binding protein of muscle. (2) Acid treatment (3% TCA) to pre cipitate proteins and subsequent neutralization (pH 5.2) to redissolve the acidic proteins selectively. (3) DEAF-cellulose chromatography at pH 5.7 to remove the S-100 protein of brain. This chro matography step was more effective if started with the cellulose column equilibrated with 0.2 M NaCl. In this case the S-100 protein was not adsorbed, but calmodulin was. The separated calmodulin fraction was almost homogeneous on SDS-poly acrylamide gel electrophoresis.
(4) Gel filtration on an Ultrogel AcA 44 column. The 3% TCA treatment was preferable to the salting-out using (NH4)2SO4 as regards the yield. The acid treat ment seems rather drastic, but no problems arose with the present calmodulins.
Calmodulins purified from four different sources were compared by SDS-polyacrylamide gel electrophoresis in Tris-glycine buffer (17) , as shown in Fig. 3 . Three out of four calmodulins comigrated, but the sea anemone calmodulin migrated a little faster than the others. This tendency was also observed in Na phosphate buffer (16) . The molecular weights estimated for cal modulins in Na phosphate buffer were 16,500 for M. SAKUMA, and K. YAGI The amino acid compositions of the four calmodulins are collected in Table I . They are all very similar. All of the calmodulins contained 1mol/mol of trimethyllysine, which was originally identified in bovine brain modulator protein (21) . Trimethyllysine is not found in muscle troponin C. The molecular weights estimated by summation from the amino acid compositions were 17,600 for rabbit muscle, 15,980 for scallop muscle and 17,570 for sea anemone muscle. A remarkable difference was found in the tyrosine contents. Sea anemone and scallop calmodulins contained only one tyrosine residue, while vertebrate cal modulins, such as rabbit muscle (13) as well as bovine (21) and porcine (22) calmodulins contained two tyrosine residues. The difference in tyrosine contents was clearly reflected in the shape of the UV absorption spectrum (Fig. 5) . It would be interesting to know whether this difference is a common difference between vertebrate and inver tebrate calmodulins.
It could be significant that low tyrosine contents have been reported for calmodulins of some marine invertebrates, Renilla (1.4mol/mol) and Arbacia (1.6mol/mol) (23, 24) .
In order to investigate the amino acid se quences, tryptic peptide maps of the four calmo dulins were compared, as shown in Fig. 4 . No distinct difference was observed in the distribution of ninhydrin color spots between vertebrate calmodulins (Fig. 4a, b) . However, clear differ ences were observed between the two invertebrate and the vertebrate calmodulins in the basic peptide region. The most pronounced difference in the basic peptide region is found in the map of sea anemone calmodulin (Fig. 4d) . Sea anemone calmodulin also showed one additional strong color spot in the acidic peptide region. Except for the above differences, most of the other peptide spots showed an almost indistinguishable distribu tion among these four calmodulins.
Calmodulins from different sources may have a similar size, shape and conformation, although there appear b Tryptophan content was estimated from the absorption spectrum . a Molecular weight calculated from the amino acid composition. d Molecular weight estimated by SDS-polyacrylamide gel electrophoresis. Higher contents of glutamic acid reported in our previous paper (3) were artifacts caused by an inadequate treatment of the standard amino acid mixture.
to be some minor structural differences. Figure 5 shows the UV absorption spectra of calmodulin. The spectrum of vertebrate calmo dulin from pig brain, which is shown in Fig. 5a , was indistinguishable from that of rabbit skeletal muscle calmodulin (13, 22) . Values of specific absorption at 277nm (A 271%277) for pig brain and rabbit muscle calmodulins were 2.00 (22) and 1.87 (13), respectively. These values correspond to tyrosine contents of 2mol/mol. The UV absorp tion spectra of invertebrate muscle calmodulins (Fig. 5b, c) were indistinguishable from each other, but they were clearly different from those of vertebrate calmodulin. Values of A1%278 were 0.93 and 0.97 for sea anemone and scallop, respectively, Figure 5d also shows the difference UV absorption spectrum of sea anemone calmodulin induced by the addition of Cal+ A negative difference spectrum arising from perturbation of Tyr was observed around 280nm and a positive difference spectrum due to Phe was seen between 250 and 270nm.
The difference spectrum ob served with scallop calmodulin was almost identical to that of sea anemone calmodulin. The difference spectra of invertebrate calmodulins were similar to those observed with rabbit skeletal muscle and pig and bovine brain calmodulins (13, 22) . These results suggest that calmodulins of invertebrate which correspond to tyrosine contents of 1 moll mol (Table I) muscle have the same essential structure for Cat+ binding as vertebrate calmodulins in spite of some differences in amino acid sequence as indicated by the tryptic peptide maps. The difference spectrum of calmodulin was clearly different from that of rabbit skeletal muscle troponin C (25). However, a difference spectrum similar in shape to that of troponin C could be obtained with calmodulin when measurements were made in the absence of NaCl, as shown in Fig. 6 .
In Fig. 7 We could not find myosin light chain kinase activity in homogenates of the scallop and sea anemone muscle using the g2 light chain of rabbit skeletal myosin as a substrate.
Therefore, calmo dulins in scallop and sea anemone muscle may be working as modulators of some enzyme other than myosin light chain kinase. Jakes et al. showed that scallop myosin could not be phos phorylated, although myosin regulates the Cat+ sensitivity of actomyosin ATPase (26) . Myosin light chain kinase dissociated calmodulin rather easily in a medium containing EDTA (1, 13, 14) . Fig  ure 8 shows the activation of rabbit skeletal myosin kinase and of bovine brain cyclic nucleotide phos phodiesterase by both brain and muscle calmodulin. The latter is a replot of data from our previous paper (2) , in which the calmodulin used was pre pared by the traditional methods (2, 13) . On the other hand, calmodulins used for the activation of myosin kinase were prepared by the new method Fig. 6 . Ca2+-Induced difference absorption spectrum of calmodulin in the absence of NaCl. Rabbit cal modulin (2.5mg/ml) in 10mM Tris-HCl (pH 8.0) with 0.5mM CaCl2 in the sample cell or with 0.5mM EGTA in the reference cell. The apparent inversion of the tyrosine perturbation was also observed with sea anemone calmodulin in the absence of NaCl. Myosin light chain kinase dissociated calmodulin rather easily in a medium containing EDTA (1, 13, 14) . Figure 8 shows the activation of rabbit skeletal myosin kinase and of bovine brain cyclic nucleotide phosphodiesterase by both brain and muscle calmodulin. The latter is a replot of data from our previous paper (2) , in which the calmodulin used was prepared by the traditional methods (2, 13) . On the other hand, calmodulins used for the activation of myosin kinase were prepared by the new method tion of calmodulin to the phosphodiesterase was stronger than to myosin kinase.
Cohen et al. reported (8) that the isolated rabbit muscle phos phorylase kinase contained calmodulin as an intrinsic subunit, and that it did not dissociate easily in a medium containing EDTA.
Irrespective of the different affinities of calmodulin for enzymes, the enzyme activities were switched on by the Ca2+-calmodulin complex.
The binding of Ca2+ calmodulin complex may change the enzyme to the active form in one case, but Ca2+ binding to the bound calmodulin may change its conforma tion, converting the enzyme to the active form, in the other.
Further work on structural analyses and comparisons of calmodulin receptive sites of myosin kinase, phosphorylase kinase, and cyclic nucleotide phosphodiesterase should be of interest.
